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Silicon carbide (SIC) is a material which has 
rapidly matured in a decade. From obscurity 
and difficulty it has become an important 
practical commercial proposition for a grow- 
ing number of companies. Today it stands 
astride two markets with companies offering 
both opto- and micro-electronic devices 
based on it. 
In the wake of the European Conference on 
Silicon Carbide and Related Materials, 
Roy Szweda 
ECSCRM, it is perhaps timely to look at 
the progress being made in Sic materials 
Associate Editor and devices. While market progress has 
continued to be good it is likely to see major 
changes over the next five years. As shown 
in Figure 1 today’s Sic device market is 
dominated by LEDs. This will continue to be 
the case thanks to such mass-market appli- 
cations as handset backlights and automo- 
tive installations. However, there will be con- 
tinued competition from other types of blue 
LED notably those based on sapphire and 
later on perhaps also those based on GaN or 
silicon substrates. Increasingly, the market 
will continue to expand to include microelec- 
tronic devices. 
Sic micro markets develop 
Over the next half-decade Sic may become less 
important for opto-electronics. Progress in lasers 
has been slower than expected compared to that 
for LEDs so it is not expected that this will be a 
big market for SIC as yet. Systems designers are 
demanding even lower cost LEDs and this is 
going to be an important deciding factor as to 
when and how further penetration into the mar- 
ketplace is to occur.This is especially true in the 
key areas of general illumination by white LEDs. 
Much will depend on the continuing efforts by 
the growing number of commercial suppliers of 
SK substrates. Much on their minds is not only 
what they can do to survive the current market 
downturn but also increasing material quality 
while reducing the price differential with sap- 
phire ready for the upturn. 
Representative Sic materials companies are pro- 
vided in TabIe 2.A few years ago it was more or 
less Cree or nothing but now the purchaser of 
substrates can choose from nearly a dozen com- 
panies which either make or distribute Sic single 
crystal products. 
Violet lasers 
By contrast, diode lasers based on Sic substrates - 
rather than those based on sapphire substrates - 
have been demonstrated by only a handful of 
workers. Cree was the first and was closely fol- 
lowed by Fujitsu - the latter device was grown 
on Nippon Steel Sic substrates by LP-MOVPE. 
Meanwhile, the diode laser sector has been quiet 
after these initially successful demonstrations of 
coherent emission some five years ago.The most 
recent has been the demonstration of room-tem- 
perature pulsed current-injected operation of an 
InGaN MQW laser by Osram Opto 
Semiconductors (Regensburg, Germany) last 
yearThese were also grown by MOVPE on Sic 
substrates.This company continues with its sup- 
plier deal with Cree Inc., recently announcing 
one of the largest orders in the history of this 
business. 
In part the laser situation reflects the difficulty 
of the task coupled with a preoccupation with 
other types of devices such as transistors. 
However, by no means has the market decided 
on the optimum laser type for next-generation, 
short-wavelength devices. Much will depend on 
how well the limitations of III-nitride-on-sap- 
phire devices can be overcome and successful 
reduction of unit cost of Sic substrates be 
achieved. 
It is therefore no wonder that attention to micro- 
electronics devices is unceasing. Indeed, there 
are some very interesting new areas of applica- 
tion for Sic which will take it into new areas 
which so far have not been applied to GaN. 
These include micro-electromechanical systems 
(MEMS) and later in this article attention turns to 
some interesting in situ sensors for automotive 
applications. 
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Figure 1. In today’s Sic device market LEDs are the dominant commercial product but by 2007 the microelectronics mar- 
ket will have been established. Taken from the forthcoming Elsevier Advanced Technology market report Gallium Nitride & 
Related Wide Eandgap Materials & Devrces, Third Edition. 
European impact 
Given the considerable Nordic interest in Sic - as 
evinced by the joint SiCEP project - it was appro- 
priate that ECSCRM was held in September in 
Linkoping, Sweden. One of the keynote papers 
was that from the company responsible for 
much of today’s Sic market, Cree Inc., which 
reported on recent progress on the performance 
and reliability of 4H-SiC MESFETs.Also in 
devices, were papers from Intineon - see Figure 2 
- SOITEC SA,ABB and Thales. 
Other local contributions came from Okmetic 
AB, Sweden, detailing growth of highly uniform 
Sic epitaxial layers by hot-wall CVD using 
Gas Foil Rotation Hot wall epitaxy over large 
areas was also the topic from Epigress AB. These 
companies have been collaborating for some 
time now on crystal growth and related Sic 
technologies. 
Indeed, ECSCRM was a good opportunity to hear 
talks by most of the leading Europe-based Sic 
players and further afield. Such as SiCrystal AG, 
Germany, and Sterling Semiconductor, USA, which 
were reporting on substrate factors such as 
defect concentration, substrate size and pricing. 
Figure 2. lnfineon Technologies became the world’s first 
manufacturer of power semiconductors producing 
Schottky diodes based on S/C last year. Compared with 
conventional power diodes technology these allow sfgnifi- 
cant/y lower switching losses and higher switching fre- 
quencies, while offenng much higher operating voltage 
ranges than silicon Schottky diodes. With the new SK 
Schottky diodes it is possible to implement reliable, com- 
pact Switched Mode Power Supplies (SMPS) with high 
switchmg frequencies in systems like PCs, servers and 
mobile phone base stations. As a result of the low switch- 
ing losses, these diodes can operate at high switching fre- 
quencies without complex resonant switching orcuits or 
snubbers. furthermore, the low switching losses allow 
SMPS to be designed without heatsinks and fan. 
Of course, the hosts at Linkoping University 
also gave presentations of work including that 
which covered defects and degradation phe- 
nomena. Other European universities included 
the University of Erlangen-Niirnberg, the 
University de Paris-Sud/Orsay and TU Munich 
while the NCSU and Stony Brook were also 
represented. 
Interest in Sic is fairly high in Japan but so far lit- 
tle has emerged from such countries as Taiwan 
where interest in LEDs is so high. Hoya reported 
on 3C Sic substrates while Kyoto University 
addressed Sic epi on non-standard surfaces. 
Collaborative R&D 
The Sic industry is continuing to build on earlier 
work to establish SIC and related materials for 
devices which operate in more adverse environ- 
ments.The information inTable 1 shows no less 
than three ongoing Sic-related development pro- 
grammes in Europe. It is interesting to see that 
R&D into microelectronics is continuing to be an 
important subject for collaboration. 
The durability of Sic microelectronic devices is 
one of the major attractions for designers who 
have to consider not just the initial purchase 
price but also the total cost of ownership over 
the life cycle of the complete electronics system. 
These considerations will, however, be less 
important a deciding factor for other prospective 
markets for Sic devices such as transportation 
applications. 
Automotive uses will be a less likely until major 
cost reductions have been achieved. However, in 
specialised vehicles the impetus to include high- 
er performance devices is already there.This is 
evidenced by the take up of Sic-based LEDs in 
trucks and so on where high levels of vibration, 
heat and shock are likely to be encountered. 
Under such conditions the unit price differential 
advantage of filament lamps means less than the 
robustness of the LED-based lamps over the 
operational life of the vehicle. Filaments break 
more often and so need frequent replacement 
upping overall costs. Moreover, unplanned failure 
can cause accidents which could be costly in 
more ways than one. LEDs offer enhanced safety 
which outweigh their higher installation costs. 
Other growth factors will be derived from how 
systems designers exploit Sic devices so as to 
meet new regulationsThese include compli- 
ance with exhaust emission control where sen- 
sors will play a key role. Just like in the case of 
safety so too here the matter of ‘nothing else 
will do’ will likely be more of a deciding factor 
than unit device costs.The latter also applies to 
the aerospace sector and space systems in par- 
ticular where the most adverse environments 
will be met. However, reliability data will have 
to be built up before the newer Sic devices will 
be included in the many future aerospace 
design opportunities.This will take time but the 
end result is fairly sure such is the confidence 
of the creators and providers of Sic devices. 
On to MEMS 
As was shown in the previous article in this 
series, Sic has secured a strong position in the 
optoelectronics market. LEDs have become a sta- 
ple market for 2-in SIC substrates.The providers 
of these materials and devices are, however, hop- 
ing to emulate these successes in new device 
markets such as microwave transistors and 
MEMSThe latter is once again going to be all 
about the combination of performance and 
price. 
Owing to the wide bandgap SiC can be fabricat- 
ed into devices such as sensors which will oper- 
ate satisfactorily up to 1000°C such as piezoelec- 
tric sensors for automotive applications. 
While some of these devices are much simpler 
than, for example, a violet laser, materials and 
processing costs must also be as low as possible 
so as to be attractive to very cost-sensitive mar- 
kets such as automotive electronics.The chief 
success for MEMS in automotive has been airbag 
actuatorsThis could have set the ground rules 
for other MEMS applications but is by no means 
the only route to success. 
A group in Italy is amongst a number of 
researchers pursuing Sic for MEMS applications 
including Sic-on-Si and other materialsThe Dipt., 
di Fisica and INFM Politecnico di Torino in 
Torino, Italy, says that poly Sic based devices are 
important but are less sensitive than single crys- 
tal based Sic. But poly-Sic can be grown on poly- 
s&con for a sacrificial layer for MEMS.This has 
the advantage of lower process temperatures. 
Disadvantages include lack of a high resisitivity 
so as to provide electrical isolation for some 
kinds of device. 
In addition to epitaxy the Italian group has also 
developed Sic deposition by plasma ECR-PECVD 
using silane and methane mixtures. Substrates 
have included Si, alumina foils and even titanium 
foils.These methods too are promising because 
they can in principle be shown to have better 
economics compared to other methods such as 
epitaxy. 
However, there are examples where Sic has been 
used in concert with sapphire to provide a 
robust device, for example, the Italian group has 
fabricated piezoresistors this way. 
For example, they have fabricated a MEMS 
pressure sensor having a quartet of poly-Sic 
piezoresistors grown on silicon. In one configura 
tion such sensors can be mounted in the engine 
of a vehicle hence the need for robust substrates 
such as titanium or alumina.This approach also 
provides a lower-cost approach to present day 
methods so as to better meet the needs of the 
cost-sensitive automotive industry. 
Future trends 
As this article and recent meetings such as 
ECSCRM and IWN show it is always worthwhile 
reviewing the progress in Sic materials and 
devicesThis will be a fruitful exercise for the 
next five years as the market continues to be 
interesting from a technical and economic view- 
point.This is because it faces several technical 
challenges which are linked directly with its 
business prospects. 
The Sic business will likely see further major 
challenges during the next five years.Today’s 
market being dominated by LEDs will mean that 
anything which comes into play to accelerate or 
otherwise affect them will in turn impact the Sic 
market dynamics. Critical to the marketplace will 
once again be the mass-market applications, not 
just as status lamps but in telecoms such as hand- 
set backlights and power electronics in base sta- 
tion equipment. Providers of SiC products thus 
have to keep a close watch on the implementa- 
tion timetable of 3G and follow-on enhanced 
mobile communications systems. 
